It is well known that New Physics can contribute to weak decays of heavy mesons via virtual processes during its decays. The discovery of New Physics, using such decays is made difficult due to intractable strong interaction effects needed to describe it. Modes such as B → K * + − offer an advantage as they provide a multitude of observables via angular analysis. We show how the multitude of "related observables" obtained from B → K * + − , can provide many new "clean tests" of the Standard Model. The hallmark of these tests is that several of them are independent of the unknown universal form factors that describe the decay in heavy quark effective theory. We derive a relation between observables that is free of form factors and Wilson coefficients, the violation of which will be an unambiguous signal of New Physics. We also derive relations between observables and form factors that are independent of Wilson coefficients and enable verification of hadronic estimates. We show how form factor ratios can be measured directly from helicity fraction with out any assumptions what so ever. We find that the allowed parameter space for observables is very tightly constrained in Standard Model, thereby providing clean signals of New Physics. We examine in detail both the large-recoil and low-recoil regions of the K * meson and point out special features and derive relations between observables valid in the two limits. In the large-recoil regions several of the relations are unaffected by corrections to all orders in αs. We present yet another new relation involving only observables that would verify the validity of the relations between formfactors assumed in the low-recoil region. The several relations and constraints derived will provide unambiguous signals of New Physics if it contributes to these decays.
It is well known that New Physics can contribute to weak decays of heavy mesons via virtual processes during its decays. The discovery of New Physics, using such decays is made difficult due to intractable strong interaction effects needed to describe it. Modes such as B → K * + − offer an advantage as they provide a multitude of observables via angular analysis. We show how the multitude of "related observables" obtained from B → K * + − , can provide many new "clean tests" of the Standard Model. The hallmark of these tests is that several of them are independent of the unknown universal form factors that describe the decay in heavy quark effective theory. We derive a relation between observables that is free of form factors and Wilson coefficients, the violation of which will be an unambiguous signal of New Physics. We also derive relations between observables and form factors that are independent of Wilson coefficients and enable verification of hadronic estimates. We show how form factor ratios can be measured directly from helicity fraction with out any assumptions what so ever. We find that the allowed parameter space for observables is very tightly constrained in Standard Model, thereby providing clean signals of New Physics. We examine in detail both the large-recoil and low-recoil regions of the K * meson and point out special features and derive relations between observables valid in the two limits. In the large-recoil regions several of the relations are unaffected by corrections to all orders in αs. We present yet another new relation involving only observables that would verify the validity of the relations between formfactors assumed in the low-recoil region. The several relations and constraints derived will provide unambiguous signals of New Physics if it contributes to these decays. 
I. INTRODUCTION
It is well known that physics beyond the Standard Model referred to as New Physics can either be discovered by direct production of new particles at high energies or by indirect searches at high luminosity facilities where new physics can contribute virtually to loop processes. The most well known example of the latter kind is the muon magnetic moment. Unfortunately, even though muon is a lepton, hadronic contributions have to be estimated and turn out to be the limiting factor in the search for New Physics. Indirect searches for New Physics often involve precision measurement of a single quantity as in the case of muon magnetic moment. The single measurement is compared to a theoretical estimate that needs to be accurately calculated. There are however, certain decays which involve measurement of several related observables. Well known examples of such decays are B → V 1 V 2 where B decays to two vector mesons V 1 and V 2 and the semi-leptonic penguin decay B → K * + − . The heavy meson decays to such modes occur in multiple partial waves and allow a measurement of a multitude of related observables. In this paper we will show how the observables obtained from an angular analysis of B → K * + − allow for a cleaner signals of New Physics if it exists.
It is hoped that flavor changing neutral current transitions in b → s and b → d will be altered by physics beyond the Standard Model (SM) and their study would reveal possible signal of new physics (NP) if it exists. However, understanding the hadronic flavor changing neutral current decays requires estimating hadronic effects which cannot be completely accurately done. Experimental data collected by the Belle and Babar collaborations at the B-factories, CLEO, Tevatron and now LHCb seems to indicate that new physics does not show up as a large and unambiguous effects in flavor physics. This has bought into focus the need for theoretically cleaner observables, i.e. observables that are relatively free from hadronic uncertainties. In the search for new physics it is therefore crucial to effectively separate the effect of new physics from hadronic uncertainties that can contribute to the decay.
One of the modes that is regarded as significant in this attempt is B → K * + − an angular analysis of which is known to result in a multitude of observables [1] [2] [3] , each of which are function of invariant dilepton mass q 2 . Throughout, our discussions we will neglect the lepton and s-quark masses, ignore the very small CP violation arising within the Standard Model [1, 2] and exclude studying the resonant region in q 2 . In this limit, any observable that is chosen may eventually be expressed in terms of six real transversity amplitudes that correspond to the three states of polarizations of K * and the left or right chirality of the lepton − . We can hence have at best six independent observables. Several different experiments BaBar, Belle, CDF and LHCb have studied the mode B → K * + − [4] [5] [6] [7] [8] [9] [10] , providing valuable data as a function of the dilepton invariant mass q 2 by studying uni-angular distributions. The partial branching fraction is measured in chosen q 2 bins by preforming a complete angular integration. A study of the angular distribution of the direction of the lepton in an appropriately chosen frame (see Section III) has also already been done by all
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the four experiments to measure the forward-backward asymmetry A FB and the longitudinal polarization fraction F L , in terms of integrated dilepton invariant mass regions of q 2 . CDF and LHCb have in addition performed an angular study of the azimuthal angle defined as the angle between the planes formed by the leptons and the decay products of K * i.e. K, π. We will show that the F ⊥ helicity fraction can be obtained from a uni-angular distribution of azimuthal angle. Future experimental studies at LHC-B, Belle II and Super-B will enable the study this mode with significantly larger statistics and make possible the analysis with multi-angular distributions and the measurement of all the observables.
In a recent paper [11] it was shown that the multitude of related observables obtained via an angular analysis in B → K * + − , can provide many "clean tests" of the Standard Model. The hallmark of these tests is that several of them are independent of the universal form factors ξ and ξ ⊥ required to describe the decay using heavy quark effective theory. Indeed, in the large recoil region considered in Ref. [11] , these relations are even more interesting as they are unaffected by corrections to all orders in α s . We will refer to such relations that are independent of universal form factors and are unaffected by corrections to all orders in α s as "clean relations." A variety of relations were derived which included relations between observables and form factors that are independent of Wilson coefficients. Such relations are inherently clean and important as they enable verification of hadronic estimates. We show how form factor ratios can be measured directly from ratios of helicity amplitudes measured at the zero crossings of asymmetries with out any assumptions what so ever. Another achievement is the derivation of a relation between observables alone, based entirely on the assumption that the amplitudes have form given by the Standard Model, but which is never-the-less independent of form factors and Wilson coefficients. This relation would provide an unambiguous test of the standard model relying purely on observables. We also presented a clean expression for the "effective photon vertex" involving the same operator that also contributes to the process B → K * γ. We emphasize that the amplitude for B → K * γ involves the universal form factor ξ and is inherently not clean. It is hence some what surprising that the same vertex can be expressed independent of the universal form-factors in heavy quark effective theory in a way that is valid at order 1/m b to all orders in α s . While C 9 and C 10 individually depend on form factors, we find that the expression for the ratio C 9 /C 10 is clean. Based purely on the signs of the form factors and the fact that zero crossing of the forward backward asymmetry has been observed, we convincingly concluded that the signs of the Wilson coefficients are in agreement with Standard Model. We found that there exist three sets of equivalent solutions to each of the three Wilson coefficients involving different observables. However, only two of the sets are independent. It was shown that the allowed parameter space for observables is very tightly constrained in Standard Model, thereby providing clean signals of New Physics.
In this paper we not only derive all the expressions presented in Ref. [11] in detail but also derive several new expression and constraints. We extend the analysis to examine in detail both the large-recoil and lowrecoil regions of the K * meson and probe special features and relations valid in the two limits. We present yet another new relation involving only observables that would verify the validity of the relations between form-factors assumed in the low-recoil region. Under this approximation mentioned earlier we have the six real presumably non-zero amplitudes that are described in terms of eight combinations of form factors and Wilson coefficients. We elaborate in this paper how the six observables can be used to verify Standard Model and to distinguish possible new physics contributions from hadronic effects which in the usual approach hinder the discovery of new physics. This is made possible by fortunate advances in our understanding of these form-factors that permit us to make two reliable inputs in terms of ratios of form-factors which are well predicted at order 1/m b to all orders in α s and are free from universal form factors ξ and ξ ⊥ in heavy quark effective theory.
In this paper we briefly review the theoretical framework of B → K * + − in the Standard Model in Section II. In Section III we express the differential decay distribution in terms of angular variables and helicity amplitudes. We also define observables that are directly measurable by angular analysis. The helicity amplitudes are expressed in terms of form factors IV, where we also setup essential notations used throughout the paper. While most of our analysis is independent of the values of form factors we do use the various symmetries possible in the heavy quark limit to emphasize the variety of interesting results possible with B → K * + − . In Section IV A we discuss the symmetry relations among form factors arising in the large recoil limit of the K * meson. A similar discussion for the low recoil limit is presented in Section IV B. Our model independent analysis is described in details in Section V, where we also derive the bulk of new relations. The results presented in this section are in general valid for all q 2 . The large recoil limit is obtained simply by assigning the form factors the expressions or values valid in this limit. The low recoil limit requires special attention and is discussed in Section VI, where we consider special features and derive more new interesting new results. In Section VII we summarize the main results of the paper. The derivation involved in the solutions of Wilson coefficients are given in Appendix A and the numerical values of form factors and inputs used by us are presented in Appendix B.
II. THEORETICAL FRAMEWORK
The decay
is described within the standard model by an effective Hamiltonian H eff that involves separation of long-distance QCD effects from the short distance QCD and weak interaction effects. The effective short distance Hamiltonian for b → s + − transition is well understood and given by: [2, 3, 12] 
where q ν = q 1ν + q 2ν = p ν − k ν and we have defined
and q 2 is the dilepton invariant mass squared. In the above we have ignored the s quark mass and throughout this paper we will ignore the lepton mass. The Wilson coefficients C eff 7,9,10 are evaluated at the scale µ = m b = 4.8GeV at NNLL accuracy [3] :
where,
and the function Y (q 2 ) is given by [3, [13] [14] [15] ]
The function h(q 2 , m q ) reads as:
where we have defined y = 4m 2 q /q 2 , and we have neglected the small weak phase.
The B → K * hadronic matrix elements of the local quark bilinear operatorssγ µ P L b andsiσ µν q ν m b P R b can be parametrized in terms of the q 2 -dependent QCD form factors V, A 1,2 , T 1,2,3 as
where, q ν = p ν −k ν . We have dropped terms proportional to q µ since the terms q µ¯ γ µ γ 5 and q µ¯ γ µ do not contribute in the limit of vanishing lepton mass. The form factors have been studied using QCD sum rules on the light cone, QCD factorization in the heavy quark limit, soft-collinear theory and using operator product expansion that is valid for large dilepton mass q 2 . The decay B → K * + − has the advantage that it can be studied as a function of the dilepton mass or q 2 . If one excludes the resonant region and the very small CP violation arising within SM, all the Wilson coefficients and form factors contributing to the decay are real. In this paper as mentioned above we will make both these assumptions.
The complete angular distribution requires the polarization of K * or a study of the angular distribution of the K * decay into Kπ. This is readily done in the narrow width approximation for the K * since the decay of K * → Kπ is itself well understood in terms of an effective Lagrangian. The resulting matrix elements is described in a model independent approach in terms of three reliably calculable effective Wilson coefficients that represent short distance contributions and six (in the limit of vanishing lepton mass) B → K * form factors. The B → Kπ + − matrix element can hence, be written as
III. ANGULAR DISTRIBUTION AND OBSERVABLES
The
on the mass shell, is completely described by four independent kinematic variables. These are the lepton-pair invariant mass squared q 2 = (q 1 + q 2 ) 2 , the angle φ between the decay planes formed by + − and Kπ respectively and the angles θ and θ K defined as follows: assuming that the K * has a momentum along the positive z direction in B rest frame, θ K is the angle between the K and the +z axis and θ is the angle of the − with the +z axis. The differential decay distribution of B → K dependence of observables and variables, however, the dependence is implicit. A study of the angular distribution of the decay will allow us to measures all the I's. Since the K * in B → K * + − decay, is created on shell it has three polarization states. Hence, we can express I's explicitly in terms of the six transversity amplitudes A L,R ⊥, ,0 , where ⊥, and 0 represent the polarizations and L, R denote the chirality of the lepton − . We can write the nine observables explicitly in terms of the six transversity amplitudes A L,R ⊥, ,0 as:
In the above we have ignored the lepton mass. As mentioned above we will assume that the resonant region is excluded in the analysis and that CP violation arising within the standard model is negligible. In the absence of CP violation the conjugate modeB →K * + − has an identical decay distribution except that I 5,6,8,9 switch signs to become −I 5, 6, 8, 9 in the differential decay distribution [1, 2] . The helicity amplitudes A L,R ⊥, ,0 , are then all real and only six of the I's can be non-zero and independent. In fact, it is easy to see that I 7 , I 8 and I 9 must vanish in the limit of vanishing CP violation.
The explicit form of these transversity amplitudes are
. We note that the helicity amplitudes A L,R ⊥, ,0 are functions of q 2 , for simplicity we have suppressed the explicit dependence on q 2 .
It is easy to see that integration over cos θ K , cos θ and φ results in the differential decay rate with respect to the invariant lepton mass, which is given by the sum of the modulus squared of all the transversity amplitudes at the same invariant lepton mass:
It is obvious from Eq. (8) that a complete study of the angular distribution will allow us to measure six observables. We define the relevant observables to be the three helicity fractions defined as follows:
where
and, F L + F + F ⊥ = 1. The well known forward-backward asymmetry A FB ,
and two new angular asymmetries,
A FB , A 4 and A 5 can be written directly in terms of the transversity amplitudes as follows:
A complete angular analysis requires much larger data set than are currently analyzed, hence angular distributions in terms of only one angular variable have been studied. The angular distribution as a function of q 2 and cos θ with φ and cos θ K integrated out is given by:
Angular analysis in terms of cos θ enables the measurement of both F L the longitudinal helicity fraction and the forward-backward asymmetry A FB . The other helicity fractions F ⊥ or F can be measured from the angular distributions as well but it has been believed that one need to perform a full angular analysis. It is, however, easy to see that a combination of F L and F ⊥ can be measured if the angular distribution in terms of φ is studied. The angular distribution in φ is given by:
The distribution in φ allows us to measure 1 − F L − 2F ⊥ . If F L is measured independently one can obtain F ⊥ . The distribution also allows us to measure I 9 , which is immeasurably small in SM [1] , and assumed to be zero in our study. Recently the angular analysis in φ has been studied [9, 16] by CDF and LHCb collaborations. In the next section we will show that 1−F L −2F ⊥ is also small in the SM as a consequence of heavy quark effective theory. We will conclude in Sec. II that the angular distribution will be almost constant for q 2 ≈ 0, with small variation in cos φ at large q 2 .
There is yet another technique to measure F ⊥ which involves studying angular distributions in terms of only one angular variable. However, this approach requires independent analysis in the transversity frame defined with J/ψ at rest. In this frame the lepton makes an angle θ tr with the z-axis. The expression for the differential decay rate as a function of cos θ tr is given by:
Clearly, F ⊥ the perpendicular polarization fraction can be measured from a fit to cos θ tr in the transversity frame. The errors in F L and F ⊥ measured in this fashion will be correlated and the correlation will have to be taken care of.
IV. NOTATION: OBSERVABLES IN TERMS OF FORM-FACTORS
The six transversity amplitudes in Eq. (6a) to (6c) are written in terms of the Wilson coefficients and the form factors in most general form as,
where to leading order, C L,R = C eff 9 ∓ C 10 and G λ = C eff 7 G λ . C eff 7 , C eff 9 and C 10 are the Wilson coefficients that represent short distance corrections. F λ and G λ are defined below in terms of q 2 -dependent QCD form factors that parameterize the B → K * matrix element [3] and are suitably defined to include both factorizable and non-factorizable contributions at any given order. The treatment of the form factors depends largely on the recoil energy of the K * or equivalently q 2 and will have to be treated differently in the limit of heavy quark effective theory. In the large recoil limit (see Section IV A) the next to leading order effects including factorizable and non-factorizable corrections can be parametrically included by replacements C eff 9 → C 9 and defining G λ = C eff 7 G λ + · · · , with the dots representing the next to leading and higher order terms. Hence the Wilson coefficient and form factor can be lumped together into a single factor G λ . We note that even at leading order it is impossible to determine C eff 7 with the value of G λ being determined. The treatment of form factors in the low recoil limit (see Section IV B for details) differs significantly from the large recoil. In the low recoil limit the leading corrections are the non-perturbative effects up to and including terms suppressed by Λ QCD /Q (where Q = {m b , q 2 })and and include the next-to-leading order corrections from the charm quark mass m c and the
The form factors F λ and G λ can be related to the form factors V , A 1,2 and T 1,2,3 introduced in Eqs. (6a) -(6c) [3] by comparing these expressions for A L,R λ with those in Eqs. (20a) -(20c). Including higher order QCD correction and non-factorizable corrections F λ and G λ can be written as:
With the help of Eq. (20a) to (20c) the observables F L , F , F ⊥ , A FB , A 4 and A 5 can be written in terms of the Wilson coefficients and from factors as:
We use Eq. (22a)-(22f) to solve the Wilson coefficients in terms of the observables and the form factors. This solutions are achieved by defining new variables
In terms of these new variables r , r ⊥ , r 0 and r ∧ the observables in Eq. (22a)-(22f)) can be written conveniently as:
(24a)
(24b)
It is easy to see that only six of the seven equations above are independent; the last Eq. (24g) is easily obtained from Eqs. (24e) and (24f). Considerable notational simplification is achieved by defining the following six ratios of form factors:
Clearly, r ∧ introduced in Eq. (23) is not independent and is easily obtained from a combination of r and r 0 . The expression for r ∧ in terms of r and r 0 and form factors ratios P 1 and P 2 is easily derived to be,
Naively we have nine theoretical parameters, the three Wilson coefficients C 7 , C 9 and C 10 and the six form fac-
, A 5 and A FB . As mentioned earlier C eff 7 and G λ cannot be distinguished and they are lumped together beyond leading order, so that we have only eight independent theoretical parameters, the two Wilson coefficients C 9 and C 10 and six form factors F 0 , F , F ⊥ , G 0 , G and G ⊥ . It is obvious that with two theoretical inputs in addition to the observables we should in principle be able to solve for the remaining six theoretical parameters purely in terms of these two reliable inputs and observables. Fortunately, advances in our understanding of these form-factors permit us a judicious choice of the two reliable inputs which depends on the energy of recoiling K * (or equivalent q 2 ). At large recoil the two inputs are the ratios of form-factors P 1 and P 1 which are well predicted at next to leading order in QCD corrections and free from form factors ξ and ξ ⊥ in heavy quark effective theory. While the choice of P 1 and P 1 works well at low q 2 , at low recoil another condition equating the three ratios G λ /F λ for λ = {0, , ⊥} is needed.
The decay mode B → K * + − have been studied with form factors calculated in different models. For example, in Refs. [17] the mode have been studied using lightcone hadron distribution amplitudes [18] combined with QCD sum rules on the light cone [19] . In Refs. [20] the mode was studied using naive factorization and QCD sum rules on the light cone. In in Refs. [15, 21, 22] it has been studied in the heavy quark limit using QCD factorization [23, 24] . Soft-collinear effective theory [25] [26] [27] [28] [29] that is valid for small q 2 (large recoil of K * ) has been used to study the decay in Ref. [30] , while operator product expansion that is valid for large q 2 (low recoil) has been studied in [31] .
In the next two subsections that follow, we will digress to consider the B → K * + − form factors and their relations in the two limits of the K * meson recoil energy. We will present our model independent analysis in the next section (Sec. V). We will assume P 1 and P 1 as inputs for most of the paper as the results are valid throughout the q 2 domain, except when P 1 = P 1 . We will show that the validity of the large recoil limit approximation can be verified by a direct measurement of P 1 in terms of helicity fractions, at the zero-crossing point of A FB , i.e., at A FB = 0. The low recoil limit is considered at the end in Sec. VI, where we will also examine the special case P 1 = P 1 . The validity of the low recoil limit can also be tested through a relation derived purely between observables which is valid only in the low recoil limit. In both the recoil regions we derive several important relations between observables, Wilson coefficients and form factors. We find that the six observables are not independent as there exists one constraint relation that involves observables alone and hence free from the details of recoil energy approximation as well. As a consequence we find that F cannot be solved for and must be taken as an additional input as well.
A. Form factor in the large recoil limit
In B → K * transition at low q 2 , the light meson K * carries a large energy E K * . Since the initial B meson contains the heavy b quark, in this limit the form factors can be expanded in small ratios of Λ QCD /m b and Λ QCD /E K * [32] . This reduces the independent B → K * form factors from seven to two universal form-factors ξ ⊥ and ξ . In terms of these two form-factors, the seven form factors can be written up to 1/m b and α s corrections as [32, 33] :
where, E K * is the energy of the K * meson,
We note that the form factor A 0 does not appear in our expressions in the massless lepton limit. In the large recoil limit T 2 /T 1 and V /A 1 are well predicted and reduce to the simple form
Note that these ratios are independent of the universal form factors ξ and ξ ⊥ and are valid to all orders in the strong coupling constant [15] . In addition to the order α s corrections to the hadronic form factors, there also exist "non-factorizable" corrections, which can be significant in the heavy quark and large recoil limit. Following Ref. [15] , these nonfactorizable corrections can be incorporated in next to leading order in QCD by the following transformations [34] 
where the Wilson Coefficients are taken at the next-tonext-to leading order, and the T i are defined as
The complete expressions of T ⊥, are given in Ref. [15] .
The form factor ratios P 1,2,3 and P 1,2,3 can be written with the help of the Eqs. (28a)-(28g). The expressions for the ratio's P 1 and P 1 are of particular interest, since these form factor ratio do not receive any QCD correction in the heavy quark effective theory and are independent of the both form factor ξ and ξ ⊥ to all orders in α s and to leading order in the 1/m b expansion. We will take expressions for P 1 and P 1 as input and find that they are given by the simple form,
It may be noted that the form factor ratios P 1 and P 1 do not depend on the universal form factors ξ and ξ ⊥ and are unaltered by the inclusion of non-factorizable corrections and higher order corrections in QCD. P 1 and P 1 are hence used by us as reliable theoretical inputs. On the other hand it is easy to see that P 2,3 and P 2,3 depend on universal form factors and hence receive corrections from higher order and non-factorizable contributions that results in a more complicated expression. In our approach P 2,3 and P 2,3 will be obtained in terms of observables and P 1 and P 1 in Eqs. (87), (88), (90) and (91).
The expressions (33a) and (33b) are valid for large recoil region where q 2 is small and are usually considered extremely accurate for q 2 between 1 GeV and 6 GeV [33] . The region q 2 < 1 GeV is ignored to eliminate resonance contributions which might not only introduce uncertainties but also introduce complex contributions which we have assumed are absent. Unless otherwise stated, large recoil region would mean 0.10GeV 2 ≤ q 2 ≤ 12.86GeV 2 . We stress that once the non-factorizable corrections are taken into account, the Wilson coefficient C 7 can no longer be separated from the hadronic form factor. The C 7 and the the hadronic form factors lump together into effective photon vertex G λ , which as we will show, can be expressed in terms of observables and the form factors P 1 and P 1 .
B. Form factor in the low recoil limit A model independent description for the case of low recoil energy of the K * in B → K * + − decay was put forward by Grinstein and Pirjol [31] in the modified Heavy Quark Effective Theory framework. In this approach [31] , "near the zero point q 2 ≈ (m B − m K * ) 2 , the long distance contributions to B → K * + − can be computed as short distance effect using simultaneous heavy quark and operator product expansion in 1/Q with Q = {m b , q 2 }." In view of this the subleading m K * /m B terms are neglected and non-factorizable corrections are ignored. An elaborate study of the predictions for B → K * + − was undertaken in Ref. [35] where the next-to-leading order corrections from the charm quark mass m c and strong coupling at O(m c /Q 2 , α s ) were included. The result is a relations between the B → K * + − form factors that reduces the number of independent hadronic form factors reduces to only three, i.e., V, A 1 and A 2 can be expressed in terms of the form factors T 1 , T 2 , T 3 as:
where, the expression of κ is given in [35] . In the low recoil limit the non-factorizable corrections and higher order corrections in α s are ignorable hence we have G λ = C 
This can easily be seen to imply that,
and hence
In the low recoil limit the form factor ratios P 1 and P 1 are easily derived to be
Note that in this limit as well the two ratios P 1 and P 1 are independent of the universal form factors ξ and ξ ⊥ . The low-recoil approximation is expected to work well in region 14.18GeV
Conventionally the low-recoil region is meant to imply this range of q 2 . In Sec. VI we will reconsider the low-recoil region to study the special feature that emerge in the low-recoil region. In the low recoil limit we need to take special care of the fact that P 1 = P 1 .
V. MODEL INDEPENDENT ANALYSIS
In this section we present a new model independent approach that offers a possibility of isolating hadronic effects from genuine new physics contributions. We begin by deriving the solutions for the Wilson coefficients C 9 , C 10 and the effective photon vertex G , in terms of observables and the minimum number of required form factor ratios, some of which are more or less independent of hadronic uncertainties.
The first set of solutions are obtained using three independent Eqs. (24a), (24b) and (24f), and one easily solves (see Appendix (A)) for r + r ⊥ to be,
However, r + r ⊥ = 0 when A FB = 0 from Eq. (24f). The term inside the round bracket of the above equation becomes a whole square if A FB = 0, hence,
Since, the expression for r + r ⊥ should be valid for all values of the observables, the right hand side could go to zero only if positive sign ambiguity is chosen, taking into account that P 1 is negative. This fixes the sign ambiguity inside the round bracket. The condition r +r ⊥ = 0 gives us the familiar relation for the zero crossing of A FB . The definitions of r and r ⊥ straight forwardly imply that A FB = 0 at:
where we have used Eqns. (29) and (30) . The O(α s ) dependence arises from the ratio T 1 (q 2 )/V (q 2 ), which also depends on ξ ⊥ (q 2 ) [33] .
Notice that, Eq. (39) implies that when A FB = 0 we must have a exact equality
enabling a measurement of P 1 in terms of the ratio of helicity fractions. If zero crossing were to occur it would provide an interesting test of our understanding of form factors. Very recently LHCb has confirmed [16] zero crossing of A FB for the first time. The zero crossing is observed at q 2 = 4.9
, which is consistent with the predictions of the Standard Model and lies in the large recoil region. Eq. (41) can hence be used to measure P 1 at the zero crossing of A FB . A confirmation of the estimate of P 1 with direct helicity measurements would leave no doubt on the reliable predictability HQET in the large recoil region.
The solution of C 10 in terms of the observables and hadronic form factors now reads as:
where Z 1 is defined as,
This solution allows us to measure C 10 directly in terms of observables, "clean" form factors P 1 , P 1 and on F . In Tables I and II we have present the predicted values of F ⊥ and C 10 using F L and A FB values from [10] and [16] respectively. In Table II we also estimate F ⊥ which is computed directly from data using Eq. (18) and the value of S 3 quoted in Ref. [16] .
A rather unexpected observation is that as long as 4F F ⊥ ≥ 16 9 A 2 FB , the term P 2 1 F + F ⊥ + P 1 Z 1 is always positive. This is easily seen by an (infinite) series expansion in A FB :
where every terms is positive since P 1 is negative. Since, the Wilson coefficient C 10 is real in the Standard model, Z 1 must be real restricting the observables F , F ⊥ and A FB such that:
The violation of this condition will be a clear signal of new physics. On the other hand, if the experiments find a real value that does not agree with the estimates of Standard model value, it could either be a signal of new physics or of the uncertainties in form factor estimations. The Wilson coefficient C 9 , can also be solved (see Appendix A) in terms of observables and form factor ratios,
All the discussions following Eq.(42) equally is applicable to this solutions. The way the matrix element decomposition is defined in the heavy quark and large energy limit, at next-to-leading logarithmic order [15] , does not allow us to factor out the Wilson coefficient C eff 7 from the hadronic form factors T i . Hence, the solution of C 7 is not possible. However we can solve for the effective photon vertex G , which we can express in terms of the observables and P 1 , P 1 . The solution of G is:
To obtain the three expressions, Eqs. (42), (46) and (47) we removed the sign ambiguities in the solution by looking at the behavior of the solutions at the A FB zero crossing points. All our solutions for the Wilson coefficients depend explicitly on the assumption that A FB = 0, hence, the Wilson coefficients can be determined at any q 2 except at the zero crossing of A FB . The denominator of G and C 9 depend on P 1 − P 1 , so the behavior of the Wilson coefficients at the point P 1 → P 1 needs careful examination. Unlike the zeros of A FB , which can be experimentally determined and hence avoided, the crossing point for P 1 and P 1 , a priori, can only be determined based on calculations and hence may be uncertain. We note that in this limit we have r − r ⊥ = 0, where as in the limit A FB = 0 we had r + r ⊥ = 0. Naively, C 9 and G appear to be divergent in the limit P 1 → P 1 , as can be seen from Eqs. (46) and (47) and indeed Eq. (A8) cannot be used to determine the Wilson coefficients C 7 and C 9 . However, it is easily seen that the Wilson coefficients are finite when P 1 → P 1 . Consider the combination G − F C 9 , which is seen from Eqs. (47) and (46) to be manifestly finite in the limit P 1 → P 1 :
We will show that the combination G − F C 9 can be determined and indeed if F is assumed G and C 9 can be individually determined and are finite. In the limit P 1 = P 1 , Eq. (23) implies [36, 37] that such a large effect can be due to the contributions from low lying resonances in the experimental data. It may be noted that estimate of F ⊥ does not depend on universal form factors and is clean in the low recoil limit. [16] . "(E)" in the first column indicates the values quoted are experimental estimates. F ⊥ (E) is computed directly from data using Eq. (18) and the value of S3 quoted in Ref. [16] . The values of C10 seem to decrease with the larger data set used and are marginally lower than theoretical estimates. Unfortunately, the cause of discrepancy in C10 can not be fixed, it could either be due to failure in estimating F or perhaps be a signal new physics. Note that in the 0.10 GeV 2 ≤ q 2 ≤ 2 GeV 2 region C10 is still large even with improved statistics. We emphasize that the two values of F ⊥ are in good agreement almost throughout the q 2 region.
We thus have
which enables a measurement of P 1 . Indeed if the hadronic estimate P 2 1 = F ⊥ /F is verified by measurement even when A FB = 0, we can conclude with certainty that P 1 = P 1 . Hadronic estimates can thus be verified experimentally. Note that a similar condition at A FB = 0 also provided a measurement of P 1 in Eq. (41).
Many more important results can be derived from the expressions derived so far. We can use Eqs. (42) and (46) to obtain the ratio C 9 /C 10 :
We emphasize that C 9 /C 10 , defined henceforth as R, is expressed as a "clean parameter" in terms of observables and the two ratio's of form factors which are predicted exactly in heavy quark effective theory. Our expressions so far depend on the helicity fractions F and F ⊥ , however, F L has been measured and since F L + F + F ⊥ = 1, we can express F in terms of F L and F ⊥ . All our conclusion throughout the paper can be re-expressed in terms of just two helicity fractions F L and F ⊥ . Eq. (51) can be used to experimentally test the ratio of C 9 and C 10 . On the other hand if the ratio R = C 9 /C 10 is known very accurately, F ⊥ can be predicted using Eq. (51) in terms of F L and A FB as:
The sign of the term containing √ T ⊥ could either be positive or negative. Of the two possible solutions for F ⊥ , in Eq. (52) we have chosen the solution which gives the correct value of R obtained from Eq. (51). This solution corresponds to the one with the negative ambiguity as shown in Eq. (52). As can be seen from the Eq. (52), the transversity amplitude F ⊥ is expressed in terms of two observables F L and A FB which has already been measured. Using the measured values of F L and A FB from Ref. [10] and [16] we have tabulated the perdicted values of F ⊥ in Tables I and II In order that F ⊥ take real values, T ⊥ must be positive. The positivity of T ⊥ imposes constraints on the possible values for F L and A FB , which cannot therefore be arbitrarily chosen. The requirement for real solution for F ⊥ hence implies a constraint on A FB in terms of P 1 , P 1 , R and observable F L :
It is easy to see that T ± ≈ 1 when P 1 ≈ P 1 ≈ −1.
Given the values of P 1 and P 1 from Table III , we expect T ± ≈ 1. The allowed domain for A FB is hence almost free from R as long as P 1 ≈ P 1 ≈ −1. In Fig. 1 , we have depicted the permitted F L − A FB parameter space by the solid (blue) triangle for R = −1. In the figure to the left P 1 and P 1 values are averaged over 1 GeV 2 to 6 GeV 2 using heavy-to-light form factor at large recoil (see Sec. (IV A)), and in the figure to the right we've used P 1 and P 1 values averaged over 16 GeV 2 to 19 GeV 2 using hevay-to-light form factor at low recoil (see Sec. (IV B)). Inside the triangles, the solid (black) lines correspond to the F ⊥ values the dashed (blue) lines correspond to the C 10 values as function of F L and A FB . In Fig. 2 the varation of the parameter space is studied as a function of R. The large-dashed (red) triangle and the identical lines correspond to R = 10. The R = −10 case is depicted by small dashed (blue) line. R = −1 case is shown for reference with solid (black) lines. In the figure to the left P 1 and P 1 values are averaged over 1 GeV 2 to 6 GeV 2 and in the figure to the right we've used P 1 and P 1 values averaged over 16 GeV 2 to 19 GeV 2 .
Interestingly, Eq. (51) can also be inverted to express A FB in terms of P 1 , P 1 and R:
where, X = 2(F P 1 P 1 − F ⊥ ) and Y = 4F F ⊥ . Note that the Eq. (51) is quadratic in A FB , and should have resulted in a two-fold ambiguity in the solution. One easily confirms that only the solution with positive sign in front of the square root is valid by substituting the observables in terms form-factors and the Wilson coefficients. The usefulness of the result in Eq. (54) is that it constrains the F L -F ⊥ parameter space. This is easily derived by requiring that A FB in Eq. (54) is real, implying the positivity of the argument of the radical in the expression for A FB :
The constraint implied by this bound is depicted in Figs. 3 and 4 where we have considered two different values corresponding to different bins of averaged q 2 values. P 1 and P 1 are averaged over the q 2 region as described in the figure caption. The reader will note the rigorous constraint within Standard model i.e. R = −1, depicted in the figures by the diagonal thick solid (blue) line that predicts F ⊥ to lie in a very narrow region, well approximated by a line that is a function of F L and with the slope depending on the domain of q 2 . It is obvious from Eq. (55) that as R 2 increases from unity a wider region around this solid line is allowed. The allowed F L -F ⊥ parameter space for |R| = 10 are also depicted as a wedge of dashed (blue) lines. In Fig. 4 on the right we have shown an enlarged region where for |R| = 10 we have plotted the values of A FB evaluated using Eq. (54). As the figures shows F L − F ⊥ correlation is not particularly sensitive to R. Also plotted in these figures are the constraints on the F L -F ⊥ parameter space arising from Z 2 1 > 0 for different values of A FB . The plots also include other details which will be discussed later.
It is interesting to note that irrespective of the value of R, in the limit P 1 → P 1 one obtains (1 − F L )/F ⊥ = 1 + 1/P 2 1 . In the limit m B → ∞ and the energy of the K * , E K * → ∞, it is easy to see that P 1 = P 1 → −1, and we find that F = F ⊥ . In this limit Eq. (18) will result in a constant distribution in φ. Since P 1 and P 1 values differ slightly we expect only a very small coefficient of cos φ.
The measurements of F L and F ⊥ must be consistent with value of A FB and there exists a domain of R, P 1 and P 1 for which the consistency may hold. These values must be verified to be consistent with the values of observables. Bounds on P 2 1 can be obtained from the equations derived so far, in terms of observables alone. Extrimizing P 2 1 in terms of all the non observables in
For A FB = 0, we have already noted the exact equality P 2 1 = F ⊥ /F . Analytical bound on P 1 are also possible, but are harder to obtain.
We now derive some useful relations that involve C 7 and are hence valid only at the leading order. Eqs. (42) and (47)can be re-expressed in this limit as:
where we have used the fact that G = C 7 G at leading order. We emphasize that C 7 /C 10 is not as clean as C 9 /C 10 , which is expressed in Eq. (51) in terms of observables and ratio's of two form factors which are predicted exactly in heavy quark effective theory. C 7 /C 10 on the other-hand depends on F /G which in turn depends on the heavy quark effective theory form factor ξ ⊥ . It may nevertheless be noted that the sign of F /G is quite accurately predicted to be negative, since A 1 (q 2 ) and T 2 (q 2 ) are always positive. Eq. (57) directly implies a constraint on the sign of C 7 /C 10 . It is easy to conclude that (C 7 /C 10 )A FB ≷ 0 only if P 2 1 ≶ F ⊥ /F when P 1 − P 1 > 0. Eq. (56) together with Eq. (57) can be used to obtain more useful bounds that are purely in terms of observables alone, albeit they are not completely exhaustive. Eq. (56) implies:
which in turn implies for (P
If, however, (P 2 F − F ⊥ ) > 0 we obtain an analogous condition
The above bounds have nothing to say on the sign of C 7 /C 10 in the region, 
where, P 1 = (G /F ) (P 1 +P 1 ) > 0 since each of (G /F ), P 1 and P 1 are always negative. Defining,
for convenience, Eq. (62) reads
In SM, C 7 /C 10 > 0 and C 9 /C 10 < 0, hence the sign of E 2 (E 1 ) will be same (opposite) to that observed for A FB . If for any q 2 we find A FB > 0, Eq. (64) cannot be satisfied unless the contribution from the E 2 term exceeds the E 1 term, or the sign of the E 2 term is wrong in SM. In the SM the E 2 term dominates at large recoil i.e. small q 2 , hence, A FB must be positive at small q 2 to be consistent with SM. If A FB < 0 is observed for all q 2 i.e. no zero crossing of A FB is seen, one can convincingly conclude that C 7 /C 10 < 0 in contradiction with SM. However, if zero crossing of A FB is confirmed with A FB > 0 at small q 2 it is possible to conclude that the signs C 7 /C 10 > 0 and C 9 /C 10 < 0 are in conformity with SM, as long as other constraints like Z 2 1 > 0 hold. In Ref. [16] the zero crossing is indeed seen. However, in the 2GeV
> 0 is only marginally satisfied. We emphasize that these conclusions drawn from Eq. (62) are exact and not altered by any hadronic uncertainties.
As mentioned in the text earlier, there are three set of solutions of Wilson coefficients C 9 and C 10 and the effective photon vertices G 0 and G 0 + G . We next discuss the second and the third set of solutions. The method of solutions is identical to first set of solutions (see Eqs. (42), (46) and (47)) and has been discussed in Appendix A. Using Eqs. (24b), (24c) and (24e) we can easily solve for r 0 + r ⊥ as
where we have defined
and the form factor ratios P 2 has been previously defined in Eq. (25) . It is easy to derive that
since, Eq. (24e) implies that we have r 0 + r ⊥ = 0 at A 5 = 0. Once again, repeating the arguments made when A FB = 0, the expression of r 0 + r ⊥ = 0 is valid for all values of the observables. The right hand side of Eq. (67) can be zero only when positive sign ambiguity is chosen, since P 2 is negative. At the zero crossing points of A 5 we also have the following exact equality,
enabling measurements of form factor ratio P 2 in terms of observables, as long as the zero crossing of A 5 occurs in the large recoil region (we have verified at leading order that this is indeed true). We now write the second set of solutions of Wilson coefficients C 9 and C 10 and the effective photon vertex G 0 :
It is easy to derive these relations which are identical to the ones derived in Eqs. (42), (46) and (47) except for the replacements:
, which also imply that r → r 0 , P 1 → P 2 and P 1 → P 2 . Straightforward extrimization with respect to all the non observables in Eq. (69) gives the following bounds on the form factor ratios
Eq. (69)- (71) give:
Eq. (72) can be inverted to obtain expressions for A 5 akin to the expression for A FB obtained in Eq. (54). One easily derives:
where (72) and (73) can be combined to obtain ( 2 3
where P 2 = (G 0 /F 0 ) (P 2 + P 2 ) > 0, since G 0 /F 0 , P 2 and P 2 are all negative. While this is not easily seen as in the case of P 1 we have numerically verified at leading order that this is true for the entire q 2 domain. We have shown earlier by doing a power expansion in A FB , that (P 2 1 F + F ⊥ + P 1 Z 1 ) is always positive. It is easy to see that similar arguments can be made for the positivity of (P 2 2 F L + F ⊥ + P 2 Z 2 ) by considering expansions in A 5 . Hence if the term in the bracket must be positive A 5 must be positive. At large recoil the term in the bracket is expected to be positive The arguments made above for r 0 +r ⊥ can be repeated for r ∧ + r ⊥ . One easily solves using Eqs. (24b), (24d) and (24g):
where, P 3 has been defined in Eq. (25) and we have defined
Eq. (24g) implies that r ∧ + r ⊥ = 0 when
Once again we choose the positive sign to fix the sign ambiguity since P 3 is negative. At the zero crossing points of A FB + √ 2A 5 we hence have the equality,
Hence, the zero crossing of A FB + √ 2A 5 enables the measurement of form factor ratio P 3 as well, in terms of observables. Note however, that P 3 is not independent and related to P 1 and P 2 (see Eq. (25) . The consequences of this relation will be discussed later. The new solutions to C 10 , C 9 and G + G 0 : The requirement that Z1, Z2, Z3 must be real, for any consistent set of independent observables AFB, FL, F ⊥ and A5 constrains the allowed FL-F ⊥ parameter space to lie only within the solid black lines. A4 is given by Eq. (97). Even with in the allowed FL-F ⊥ domain only the region on the right is allowed depending on the values of AFB and A5. In the four figures we have sampled values of AFB and A5 are as depicted. There is no hadronic assumption made in obtaining the constraints depicted in these plots.
While these solutions may look more complicated they can also be obtained from Eqs. (42), (46) and (47) by the
Once again straightforward extrimization with respect to all the non observables in Eq (80) results in the following bounds on the form factor ratio P 3 ,
These bounds are a very good test of our understanding of the form factors. Similar relations that can be derived from Eqs. (80) - (82):
Eqs. (83) can be inverted to obtain expressions for A FB + √ 2A 5 akin to the expression for A FB obtained in Eq. (54). One easily derives:
where (84) we can obtain yet another important relation, which is of the same kind as we obtained earlier in Eqs. (62) and (75) ( 2 3
. This is easily verified to be true at leading order for the entire q 2 domain. We have shown earlier by doing a power expansion in A FB and A 5 , that respectively (P 2 1 F +F ⊥ +P 1 Z 1 ) and (P 2 2 F L + F ⊥ + P 2 Z 2 ) are always positive. It is easy to see that similar arguments can be made for the positivity of (P
These equations are equally useful to determine the sign of C 7 as discussed earlier, however, the form factors involved are not completely free from HQET form factor.
Eq. (69)-(71) and Eq (80)-(82) have been expressed in terms of from factor ratios P 2 , P 2 , P 3 , P 3 , which are not completely free from the hadronic form factors, both at large and at low recoil. The form factor ratios P 1 and P 1 on the other hand is completely free from the IsgurWise form factors ξ and ξ ⊥ in the limit of heavy quark and large recoil of the vector meson. We can express the form factor ratios P 2 , P 2 , P 3 , P 3 in terms of P 1 and P 1 . Equating the relations obtained for C 9 /C 10 and C 7 /C 10 in Eqs. (51), (57) with those in Eqs. (72), (73) we obtain relations only between form P 1 , P 1 , P 2 , P 2 and observables. The two equations so obtained can be used to solve for P 2 and P 2 in terms of P 1 and P 1 .
We emphasize that while P 2 and P 2 on the left hand side depend on the Isgur-Wise wave functions ξ and ξ ⊥ , P 1 and P 1 are independent of them. These two equation can be used to obtain information about the wave functions. Eq. (87) is also very important in the sense that the domain of observables is itself constrained by the terms under the radical signs must be positive to obtain real P 2 . Similar relations for P 3 and P 3 in terms of P 1 and P 1 can be obtained by using Eq. (51), (57) and Eq. (83), (84) to get:
where As emphasized earlier the Wilson coefficients are real constants except for the non resonant regions. This implies that just like Z 1 , both Z 2 and Z 3 are always real if resonant regions and CP violation are excluded:
The combination of bounds in Eqs. (45) and (93) results in yet another interesting bound among observables alone but involving only A 2 FB , A 2 5 and F ⊥ :
In Fig. 6 we depict the constraint on A FB , A 5 and F ⊥ arrived at by Eq. (95). We emphasize that like the bounds derived in Eqs. (45), (93) and (94) this bound is also completely free from any hadronic uncertainty. In Eq. (25) we showed that P 3 is not independent but related to P 1 and P 2 . P 3 and P 2 are themselves expressed in terms of observables and P 1 in Eqs. (90) and (87) respectively. This constraint results in an interesting relation that depends on observables alone:
We use this relation to solve for A 4 leading to
Since F ⊥ is already predicted in Eq. (52) in terms of the already measured observables F L and A FB and P 1 , P 1 and R, we can estimate A 4 in terms of A 5 . The correlations predicted by Eq. (97) would have to hold unless NP contributes. In Fig. 7 we present the correlation between the observables. It may be noted that Eq. (97) is a relation involving only observables without any assumptions of hadronic form factors, hence its violation must be an unambiguous signal of NP.
Let us summarize the approach that has led to these solutions. We have six observables, the decay width of B → K * + − , Γ f , the helicity fractions F L and F ⊥ and the angular asymmetries A FB , A 4 and A 5 . These six observables are expressed in terms of eight theoretical parameters in the most general approach. The parameters being the six effective form factors F 0 , F , F ⊥ , G 0 , G and G ⊥ and the two Wilson coefficients C 9 and C 10 . Three of the observables Γ f , F L and A FB have already been measured by several experiments. We assume three further inputs-the ratio R = C 9 /C 10 as it is theoretically reliably estimated in SM and the ratios P 1 and P 1 of form factors as defined in section. P 1 and P 1 are accurately predicted theoretically in the heavy quark limit to be free from higher order corrections and the known universal form factors ξ and ξ ⊥ . These inputs allow us to estimate F ⊥ . We find that making assumption of one further observable A 5 we are able to predict the only remaining observable A 4 , completely free from hadronic parameters or estimate of R. Clearly only five of the observables are independent in SM and F remains unsolved given all the observables possible. It has also been realized earlier [38] following a different approach that there exist symmetries in the angular distribution which reduce the number of independent observable. We emphasize that in our approach, C 9 /C 10 and all the expressions independent of Wilson coefficients are "clean" in the large recoil limit.
VI. THE LOW RECOIL LIMIT
In Sec IV B we found that (see Eqs. (35) and (37) 
which implies that
This reduces the number of independent relations (see Eqs. (22a)-(22f)) and the low recoil limit thus needs to be treated more carefully. In this limit the Wilson coefficients C 7 and C 9 cannot be solved following the approach in Appendix A as is obvious from Eq. (A8). We will however be able to solve for r and in turn for C 7 and C 9 ifκ is assumed or equivalently with the additional input of G , since F is in any case a required input. This results in one additional constraint relations between observables.
In this section we derive a new relations among observables that will test the validity of the assumption on the form factors in the low recoil limit. We will also elaborate on various other constraints in this limit. We begin by considering Eq. (A1), (A2) and (A3) in the low recoil limit. Clearly since r 2 + C 2 10 is independent of helicity, Eqs. (A1) and (A2) reduce to the same equation, hence, we have
whereF Eq. (50) then implies that
It is obvious from Eq. (98) that we can solve for r 2 and C 2 10 :
The sign of r/C 10 is fixed such that
in order to satisfy the limit derived by appropriate combination of Eqs. (47) and (46). In the low recoil limit "r" is same not just for and ⊥ helicities but for all three helicities. This requires in analogy with Eq. (100) that,
One can hence, measure P 1 , P 2 and P 3 in the low recoil region in terms of the ratio of helicity fractions. Hence, the value C 2 10 F 2 can be expressed in terms of observables alone. In the large recoil case C 2 10 F 2 depended on P 1 and P 2 . The form factor P 1 = P 1 can be measured, enabling a possibility of verifying the estimates of presented in Table IV. To derive a relation between observables that is valid at low recoil and tests the validity of the approximation we note Eq. (98) leads to the generalized relation
The equalities on the left side of the above equation yields two interesting relations
It is easily seen by direct substitution of Eq. (106) Table IV are not exactly equal, the low recoil approximation works well as can be seen from Fig. 9 where we plot the left hand and right hand of Eqs. (106) and (107). These figures demonstrate the domain of validity of the low recoil approximation and the region where new physics can be tested. The values of observables are estimated using the form factors given in Table IV .
We emphasize that the relation derived in Eqs. (106) and (107) are extremely important both in testing the validity of the low recoil approximation and the presence of New Physics. The value of A 5 predicted by these relations tests the validity of the low recoil approximation, whereas the value of A 4 verifies the validity of SM. If both the relations are found to be valid it would prove both the validity of the low recoil limit and the absence of New Physics. On the other hand if both the relations fail we must conclude that low recoil limit is not valid. The presence of New Physics could still be tested by the validity Eq. (97) even in this large q 2 domain. The remaining meaningful possibility is that Eq. (106) holds and (107) is violated. This would imply validity of low recoil limit but signal the presence of New Physics. It is interesting to note that one should expect from Eqs. (106) and (107) a very tiny product of asymmetries A 4 and A 5 . Table IV. since the right hand side A FB and F L have already been measured. We emphasize that even in the low recoil limit, C 9 /C 10 and all the expressions independent of Wilson coefficients are independent of the universal form factors ξ and ξ ⊥ .
VII. CONCLUSIONS
In this paper we have derived several important new results. After a brief introduction, we discuss the differential decay distribution of B → K * + − and introduced the observables Γ f , F L , F ⊥ , A FB , A 4 and A 5 . While the partial decay rate Γ f can be measured by angular integration, the other observables require a study of angular distributions. We showed how uni-angular distributions in the azimuthal angle φ can be used to measure the helicity fraction F ⊥ . F L and A FB have already been measured by studying the uni-angular distribution in θ . A 4 and A 5 can only be measured by a complete angular analysis involving θ and φ requiring higher statistics. After setting up our notation and defining the observables in terms of form factors, we expressed the amplitude in the most general form within the Standard Model as A
∓ C 10 and L, R defines the chirality of the − . The form factors F λ and G λ are expressed in terms of conventional B → K * form factors V , A 1,2 and T 1,2,3 . To be exact G λ ≡ C 7 G λ + · · · with the dots representing the higher order and non factorizable contributions and only at leading order G λ 's are related to T 1,2,3 . It may be noted that even at leading order C 7 and G λ cannot be separated and C 7 can only be defined at leading order on assuming G λ . The six observables are thus defined in terms eight parameters, the six form factors F λ , G λ and two Wilson Coefficients C 9,10 . Hence only six theoretical parameters can be eliminated in terms of observables and a minimum of two reliable theoretical inputs are needed, to resolve between new physics and hadronic contributions. This is made possible by the significant advances in our understanding of form-factors that permit us to make truly these reliable inputs. One of our achievements are derivations of "clean relations" that permit the verifications of these hadronic inputs.
The B → K * form factors are estimated using heavy quark effective theory and the treatment varies on the recoil energy of the K * . At large recoil the ratio of the form factors P 1 = F ⊥ /F and P 1 = G ⊥ / G are reliably evaluated at O(1/m b ) to be free from universal wave functions and are unaltered by non-factorizable contributions and higher order corrections in α s . In the large recoil limit we therefore choose P 1 and P 1 as the two inputs in addition to observables. In the low recoil limit the relations P 1 = P 1 between the form factors serves as an additional input.
We summarize briefly a few significant new results. The simple analytic derivation and solutions to the Wilson coefficients in terms of the observables and "clean" form factors was achieved by defining new variables r λ = G λ /F λ − C 9 . These enable solutions to C 9 and C 10 in terms of observables, P 1 , P 1 and the form factor F to be
where Z 1 is expressed in terms of observables in Eq. (43). Two additional solutions for C 9 and C 10 can be obtained in terms of different observables. These are obtained by the replacements
, which also imply that r → r 0 , P 1 → P 2 and P 1 → P 2 .
•
We found that the form factor ratios P 1 , P 2 and P 3 can be directly measured in terms of the ratio of helicity fractions at q 2 corresponding to the zero crossings of asymmetries A FB , A 5 and A FB + √ 2A 5 respectively by the relations:
Since we have neglected the tiny CP violation in the standard model, we find that the observables must satisfy the following inequalities which are completely free from any hadronic uncertainties and hence clean. These relations are,
In Fig. 5 we have plotted the constraints on F L −F ⊥ that depends only on observables. The condition 4F F ⊥ ≥ 16/9A 2 FB implies that if |A FB | is large F L must be small so that 4F F ⊥ can be sufficiently large. Our approach is sensitive enough to already show tensions in the data [16] .
Clearly, expressions for C 9 and C 10 are not "clean." However, the ratio C 9 /C 10 is obtained as a "clean expression". Assuming the theoretical estimate of C 9 /C 10 which is reliably evaluated at NNLL in Standard Model we "cleanly" predicted F ⊥ in Eq. (52). The correlation between A FB , F L and F ⊥ have been plotted in Figs. 1,2,   3 and 4. We showed that the valid domain of A FB is constrained in terms of F L as follows:
where T ± is given in terms of P 1 , P 1 and R in Eq. (53). It is interesting to note that F L and F ⊥ are constrained with Standard Model to lie in a very narrow region, well approximated by a line as shown in Fig. 3 and 4 . The effective photon vertex G and G 0 can also be expressed as a "clean expression". The C 9 /C 10 and C 7 /C 10 ratios in Eqs. (51) ratio in (57) were combined to obtain 2 3
If the A FB zero crossing is confirmed [16] with A FB > 0 at small q 2 , then based on the signs of the from factors it is unambiguously concluded that the signs of C 7 /C 10 and C 9 /C 10 are in agreement with the Standard Model, i.e. C 7 /C 10 > 0 and C 9 /C 10 > 0 as long as other constraints like Z 2 1 > 0 hold. In Ref. [16] the zero crossing is indeed seen. However, in the 2GeV
> 0 is only marginally satisfied. These conclusions are exact and not altered by any hadronic uncertainties.
We have obtained three sets of C 9 /C 10 and C 7 /C 10 solutions involving difference observables and form factor ratios. Since, the form factor ratios P 1 and P 1 are the ones that are most reliably estimated in both large recoil and low recoil limits, we obtain relations for P 2 , P 2 and P 3 , P 3 in terms of P 1 , P 1 and observables. Equating the relations obtained for C 9 /C 10 and C 7 /C 10 in Eqs. (51), (57) with those in Eqs. (72), (73) and Eqs. (83), (84) we get:
2 ) and
. Even though P 2 , P 2 and P 3 , P 3 inherently depend on ξ and ξ ⊥ we have expressed them in terms of "clean relations" above. Hence, in our approach, all the expressions for observables are "clean," with only the Wilson coefficients C 7 , C 9 and C 10 being expressed in terms of only one form factor G or F .
We have derived significant constraints between observables that can be used to test for New Physics. The constraint purely in terms of observables arises since P 2 and P 3 are expressed in terms of observables and P 1 while P 3 itself is related in Eq. (25) to P 1 and P 2 . We obtain the interesting constraint (97) among observables:
The observables A 4 and A 5 also impose constraints on the parameter space. In Fig. 5 we plot constraints on the parameter space of F L -F ⊥ that depend purely on observables A FB and A 5 with A 4 being calculated in terms of the above relation between observables. As can be seen the parameter space is highly constrained in the Standard Model. We introduced six observables of which three Γ f , F L and A FB have already been measured. We showed that F ⊥ can expressed in terms of P 1 , P 1 and the ratio C 9 /C 10 . If we further choose a value for A 5 , A 4 can be obtained. In Fig. 7 we depict the constraints in the A FB -F L parameter space. These constraints and the constraints obtained in Fig. 1 fix completely the parameter space and predict the values of yet unmeasured observables.
We pay special attention to the low recoil limit and derive two new relations
in terms of observables alone. These two relations allow us to test not only the validity of the low recoil approximation but also the presence of New Physics. The value of A 5 predicted by these relations tests the validity of the low recoil approximation, whereas the value of A 4 verifies the validity of SM. If both relations hold we verify that the low recoil approximation is correct and that no new physics can exist. If both relation fail we can conclude that the low recoil approximation fails but one can neverthe-less still test for new physics by Eq. (97), which is valid in general. If A 5 is accurately predicted but A 4 does not have the value given by these two relations one can conclude that there is new physics and that the low recoil limit is accurate.
In this paper we re-examined the new physics discovery potential of the mode B → K * + − . This modes has an advantage as a multitude of observables can be measured via angular analysis. We showed how the multitude of related observables obtained from B → K * + − can provide many new clean tests of the Standard Model and discriminate new physics contributions from hadronic effects. The hallmark of these tests is that most of them are independent of the unknown form factors ξ and ξ ⊥ in heavy quark effective theory. In the large recoil limit (at O(1/m b )) these relations are valid to all orders in α s . We derive a relation between observables that is free of form factors and Wilson coefficients, the violation of which will be an unambiguous signal of New Physics. We also obtained for the first time relations between observables and form factors that are independent of Wilson coefficients and enable verification of hadronic estimates. We show how form factor ratios can be measured directly from helicity fraction with out any assumptions what so ever. We find that the allowed parameter space for observables is very tightly constrained in Standard Model, thereby providing clean signals of New Physics. We examine in detail both the large-recoil and low-recoil regions of the K * meson and probe special features valid in the two limits. Another new relation involving only observables that would verify the validity of the relations between form-factors assumed in the low-recoil region was also derived. The several relations and constraints derived will provide unambiguous signals of New Physics if it contributes to these decays. We emphasize that in our approach, C 9 /C 10 and all the expressions independent of Wilson coefficients are "clean" in the large recoil limit and in the low recoil limit they are reliably calculated as they do not depend on the universal form factors ξ and ξ ⊥ .
Appendix A: Derivation of Wilson Coefficients
Below we present the solution of r +r ⊥ . The solutions of r 0 + r ⊥ and r ∧ + r ⊥ are identical.
We start with the expression involving r and r ⊥ in terms of observables as expressed in Eqs. (24a), (24c) and (24f):
2C 10 (r + r ⊥ ) = 2 3
We can write 
Equating Eqs. (A4) and (A5) we get
where Z 1 = 4F F ⊥ − 16 9 A 2 FB . Now, Eqs. (A1) and (A2) imply:
which gives r − r ⊥ to be,
C 10 is readily solved using Eq. (A3) and the expression for r + r ⊥ obtained above. C 7 and C 9 are also easily solved using Eq. (23) and the expressions for r −r ⊥ . The solutions for C 7 , C 9 and C 10 are presented in Eqs. (47), (46) and (42) respectively.
Appendix B: Form Factor Calculations
In this appendix we discuss the calculations of form factors and the form factor ratios. In our numerical analysis we have calculated the average value of the form factor F and the two form factor ratios P 1 and P 1 in differnt q 2 regions. As has already been discussed in Sec.(IV A), at large recoil region the heavy quark symmetry applies and the seven form factors V, A 1,2,3 , T 1,2,3 are functions of IsgurWise form factors ξ (q 2 ) and ξ ⊥ (q 2 ) [39] . These two form factors are parameterized as [15] ξ ⊥ (q 2 ) = ξ ⊥ (0)
where ξ ⊥ (0) = 0.266 ± 0.032 and ξ (0) = 0.118 ± 0.008 [3] . The two ratios P 1 , P 1 (see Eqs 33a and 33b) are independent of Isgur-Wise form factors, and only F (see Eq. 21) is dependent on ξ ⊥ . In Table. (III) we have calculated the the values of P 1 , P 1 and F averaged over each q 2 bin used by the recent experiments [10] .
At low recoil the seven form factors V, A 1,2,3 , T 1,2,3 are parameterized [40] 
whereT 3 has same parameterization as A 1 . The parameters r 1 , r 2 , m 2 R , m 2 fit for each of the above form factors has benn taken from [40] . Following the above parameterization, the ratios P 1 , P 1 and F has been calculated in the low recoil region, averaged over each q 2 bins and has been shown in Table. (IV). 
